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(1) 



Real party in interest 



The present application has been assigned by all the inventors to T-RAM, Inc. Thus, 
the real party in interest is T-RAM, Inc. 

(2) Related appeals and interferences 

There are no related appeals and interferences. 

(3) Status of claims 

Twenty eight claims were originally filed and claim 28 has been cancelled. Claims 1- 
27 are now pending. Claims 1-6, 15, 19-22, 24 and 26 are rejected and claims 4, 7, 16-18, 23, 
25 and 27 are objected to. The rejection of claims 1-6, 15, 19-22, 24 and 26 is appealed. 

(4) Status of amendments 

No amendment has been filed subsequent to final rejection. 

(5) Summary of invention 

The present invention is directed to a semiconductor device comprising a thyristor that 
can accept an external signal for controlling the holding current or forward blocking voltage of 
the thyristor as a function of temperatiu-e (e.g., see page 7, lines 1-5 of the specification). The 
thyristor has a first and a second base region (e.g., P-base 1 14 and N-base 1 16 in Fig. 2A). 
The external signal is generated by a control circuit (e.g., circuit 190 of Fig. 2A) and is 
coupled to one of the base regions of the thyristor. In one embodiment, the semiconductor 
device has two control ports (e.g., ports 122 and 124 of Fig. 2A). One of the control ports (e.g., 
port 124) is disposed above a base region (e.g., N-base 116) and can couple the external signal 
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(generated by circuit 190) to the base region. The other control port (e.g., port 122) can 
coupled another signal to the other base region. 

The above described semiconductor device can be used to form a memory device (e.g., 
page 10, lines 28-30). 

(6) Issues 

The issue presented for review is whether claims 1-6, 15, 19-22, 24 and 26 are 
unpatentable over Nemati (U.S. Pat. No. 6,462,359) under 35 U.S.C. 102(b) and 35 U.S.C. 
103(a). 

(7) Grouping of claims 

Claims 3-5 contain at least one additional element (temperature sensing circuit) that is 
not recited in claims 1-2, 6, 15, 19-22, 24, and 26. Claims 3-5 do not stand and fall together 
with the other rejected claims. 

(8) Arguments 

(A) Claims 1-2, 6, 15, 19-22, 24 and 26 

(1) The External Signal Relied Upon By The Examiner Is Not Coupled 
to A Base Region Of The Thyristor 

The language in claim 1 is representative of a claim element in dispute in this appeal: 
"a second control port configured and arranged for receiving a second signal generated outside 
of the thyristor for coupling the second signal at least to the second base region, the second 
signal being adapted to control holding current or forward blocking voltage of the thyristor as 
a function of temperature." 
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On page 2 of the Final Office Action, the Examiner wrote: 



"Applicant's arguments filed 3/9/05 have been fully considered but they are not 
persuasive. Arguments on page 8 of the remarks that the Nemati device cannot be 
configured and arranged for receiving a signal outside of the thyristor are 
unconvincing in view of column 7 lines 35-40 of Nemati. Applicant quotes the 
relevant part of the description of figure 8. There is no evidence that Nemati cannot 
function in the manner claimed and it is applicant's burden to prove otherwise." 

The sentences in Nemati relying upon by the above quote in the Office Action are as 
follows: 



"Alternatively, the gate of the NMOSFET can be independently controlled rather 
than being coimected to the p-base. Other embodiments regarding the use of a 
FET in combination with a thyristor can be found in U.S. Pat. No. 4,323,793, 
which is fully incorporated herein by reference." (Nemati col. 7, lines 35-40) 

As explained below, these sentences in Nemati do not teach that the signal appUed to 
the gate of the NMOSFET is coupled to the second base region, as recited in claim 1. 

The function of the NMOSFET is described in Nemati as follows: 



"FIG. 8 shows another example embodiment of the present invention in which 
an NMOSFET 850 is used to provide a current shunt between anode 812 and n- 
base 814 of a capacitively-coupled thyristor 800. The source, drain and gate of 
the NMOSFET are electrically connected to the anode, n-base, and p-base of the 
thyristor, respectively, when the thyristor is in the forward conducting state, the 
voltage difference between the gate and source of the NMOSFET is relatively 
small (such as O.IV to 0.2V). Therefore, the NMOSFET passes only a very 
small current and the holding current of the thyristor is acceptably low. When 
the thyristor is in the forward blocking state, the voltage difference between the 
gate and source of the NMOSFET is very high (almost equal to the anode to 
cathode voltage of the thyristor) and the NMOSFET has a small resistance. This 
approach provides a strong shunt between the anode and n-base of the thyristor, 
and provides high stability for the blocking state of the thyristor against high 
temperature and disturbances." (col. 7, lines 17-35) 

The above description shows that changes in gate-source voltage of the NMOSFET can 
affect the current between the anode 812 (which is connected to the source of the NMOSFET) 
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and n-base 814 (which is connected to the drain of the NMOSFET). As a resuU, a shunting 
effect between the anode and n-base of the thyristor can be provided by the NMOSFET. In 
this description, the gate of the NMOSFET is coupled to the thyristor and thus the gate signal 
is not externally provide. 

The Examiner seems to argue that the statement in col. 7, lines 35-37, of Nemati ("the 
gate of the NMOSFET can be independently controlled rather than being connected to the p- 
base") provide the teaching or suggestion for an externally provided gate signal. Assuming 
that the gate signal can be externally provided, that signal is used to control the resistance 
between the source and drain of the NMOSFET. This is significantly different from the 
requirement of claim 1 that the second control port is for "coupling the second signal at least to 
the second base region" of the thyristor. The Examiner did not point to any disclosure in 
Nemati that teaches or suggests this limitation of claim 1. 

(2) Nemati Does Not Disclose An External Signal For Controlling The 
Holding Current or Forward Block Voltage As A Function of 
Temperature 

Li the above quoted description of Fig. 8 of Nemati, the gate voltage varies as follows: 

"[W]hen the thyristor is in the forward conducting state, the voltage difference 
between the gate and source of the NMOSFET is relatively small (such as 0.1 V to 
0.2V). Therefore, the NMOSFET passes only a very small current and the holding 
current of the thyristor is acceptably low. When the thyristor is in the forward 
blocking state, the voltage difference between the gate and source of the 
NMOSFET is very high (almost equal to the anode to cathode voltage of the 
thyristor) and the NMOSFET has a small resistance." (col. 7, lines 22-31) 

Thus, this description indicates that the gate-to-source voltage varies with the state of 
the thyristor (forward conducting versus forward blocking states). Even assiuning that the 
gate-to-source voltage can be externally applied, there is no teaching or suggestion that it is for 
controlling the holding current or forward block voltage as a function of temperature. 
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In view of the significant differences between the claim invention and Nemati, claims 
1-2, 6, 15, 19-22, 24, and 26 are patentable over Nemati. 

(B) Claims 3-5 

Claims 3-5 further recites a "temperature sensing circuit." This element offers another 
distinction between the claims and Nemati, thus claims 3-5 should not stand and fall with other 
rejected claims. In the Final Office Action, the Examiner states: 

"Arguments regarding claim 3 are likewise unconvincing as "a temperature sensing 
circuit" is broad, the fimctional language is not structurally distinguishing over 
Nemati, and the device of "Nemati "provides high stability for the blocking state of 
the thyristor against high temperature (col. 7 lines 34-35) and "altematively, the 
gate of the NMOSFET can be independently controlled" i.e., coupled to an outside 
"circuit" which in this case should be a temperature sensing circuit as the purpose is 
to "provide high stability . , . against high temperature." Claims 4-5 likewise recite 
fimctional language and do not structurally distinguish over Nemati." 

The Examiner seems to rely on the quoted statement in Nemati of "provide high 
stabiHty for the blocking state of the thyristor against high temperature and disturbances" (col 
7, lines 33-35) to argue that it discloses the '^temperature sensing circuit" of claim 3. The 
connection between current, temperature and stability is described in the Siunmary of Nemati 
as follows: "A current shunt region is configured and arranged to shimt low-level current 
between the emitter region and the adjacent base region in a manner that improves the 
stability of the semiconductor device under operating conditions including high temperature, 
voltage, light, noise and other disturbances." (col. 2, lines 60-65; emphasis added). Thus, 
Nemati teaches that a benefit of a current shunt is to improve stability (including temperature). 
However, there is no teaching and suggestion that the signal of the gate of the NMOSFET is a 
fimction of temperature. 

Claim 3 recites a "semiconductor device" which "includes a temperature sensing 
circuit electrically coupled to the thyristor and configured and arranged to apply the second 
signal to the second control port as a fimction of the temperature of the thyristor." Based on 
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the above analysis, Nemati does not teach or suggest a "temperature sensing circuit." Thus, 
claims 3-5 are patentable over Nemati. 

Conclusion 

It is believed that all grounds of rejection have been satisfactorily answered. The 
allowance of the rejected claims is respectfully urged. 

The commissioner is hereby authorized to charge $250 for filing this appeal brief, or 
any other fees which may be required, to deposit account 50-2538. 



Respectfully Submitted 



October 



2005 




H. C. Chan 
Reg. No. 35, 477 
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APPENDIX 



1 L A semiconductor device comprising: 

2 a thyristor having thyristor body regions including first and second immediately 

3 adjacent base regions between first and second emitter regions; 

4 a first control port configured and arranged to capacitively couple a first signal at least 

5 to the first base region; and 

6 a second control port configured and arranged for receiving a second signal generated 
7, outside of the thyristor and for coupling the second signal at least to the second base region, 

8 the second signal being adapted to control holding current or forward blocking voltage of the 

9 thyristor as a fimction of temperature. 

1 2). The semiconductor device of claim 1, fiirther comprising: 

2 a circuit arrangement electrically coupled to the second control port and configured and 

3 arranged to apply the second signal to the second control port. 

1 3. The semiconductor device of claim 2, wherein the circuit arrangement includes a 

2 temperature sensing circuit electrically coupled to the thyristor and configured and arranged to 

3 apply the second signal to the second control port as a fimction of the temperature of the 

4 thyristor. 

1 4. The semiconductor device of claim 2, wherein the second signal applied by the 

2 temperature sensing circuit is adapted to increase bipolar gains of the thyristor when the 

3 temperature of the thyristor is below a selected threshold. 

1 5. The semiconductor device of claim 4, wherein the selected threshold is a temperature at 

2 which the holding current of the thyristor would exceed a design holding current value. 

16. A memory device comprising: 
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2 at least one thyristor having thyristor body regions including first and second 

3 immediately adjacent base regions respectively coupled to and between first and second. 

4 emitter regions; 

5 a first control port configured and arranged to capacitively couple a first signal at least 

6 to the first base region; 

7 a first circuit configured and arranged to detect a temperature-related failure of the 

8 thyristor to maintain its conductance state during a standby mode or to maintain its blocking 

9 state; and 

10 a second circuit including a second control port configured and arranged for receiving a 

1 1 second signal generated outside of the thyristor and for coupling the second signal at least to 

12 the second base region as a fiinction of the detected failure for controlling holding current or 

1 3 forward blocking voltage of the thyristor. 

1 7. The memory device of claim 6, fiirther comprising a reference thyristor, the first circuit 

2 being configured and arranged to detect the failure condition fi-om the reference thyristor. 

1 8. The memory device of claim 7, wherein the reference thyristor is configured aad 

2 arranged to exhibit temperature-responsive failure prior to the at least one thyristor as the 

3 operating temperature of the memory device varies fi-om a design operating temperature 

4 thereof. 

1 9. The memory device of claim 8, wherein the reference thyristor is configured and 

2 arranged to fail at a lower temperature than the at least one thyristor as the operating 

3 temperature increases above the design operating temperature. 

1 10. The memory device of claim 8, wherein the reference thyristor is configured and 

2 arranged to fail at a higher temperature than the at least one thyristor as the operating 

3 temperature decreases below the design operating temperature. 

1 11. The memory device of claim 6, fiirther comprising a plurality of memory cells, each 

2 memory cell including a thyristor, wherein the first circuit fiirther comprises: 
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3 a first reference memory cell including a thyristor and adapted to store a data "zero" 

4 and to fail to retain the data "zero" as a function of the conductance state of the thyristor in the 

5 first reference memory cell before other memory cells in the memory device fail data "zero"; 

6 a second reference memory cell including a thyristor and adapted to store a data "one" 

7 and to fail to retain the data "one" as a function of the conductance state of the thyristor in the 

8 second reference memory cell before other memory cells in the memory device fail data "one"; 

9 and 

10 the second circuit being adapted to apply the second signal to the second control port as 

11 a function of at least one of the first and second reference memory cells failing to retain data. 

1 12. The memory device of claim 1 1 , wherein an emitter of the thyristor in the first 

2 reference memory cell is coupled to a reference voltage signal that is greater than a reference 

3 voltage signal coupled to at least one of the emitter regions of the thyristors in the plurality of 

4 memory cells. 

1 13. The memory device of claim 1 1 , wherein an emitter of the thyristor in the first 

2 reference memory cell is coupled to a reference voltage signal that is less than a reference 

3 voltage signal coupled to at least one of the emitter regions of the thyristors in the pluraUty of 

4 memory cells. 

1 14. The memory device of claim 11, wherein each memory cell includes a pass device 

2 coupled to an emitter region of the respective thyristor, each pass device exhibiting leakage, 

3 the pass device in the second reference thyristor memory cell being adapted to leak relatively 

4 more current than the pass devices in the plurality of memory cells such that the second 

5 reference memory cell fails to retain data before the plurality of memory cells fail to retain 

6 data. 

1 15. The memory device of claim 6, wherein the second control port and the second base 

2 region are configured and arranged such that the second signal increases carrier depletion in 

3 the second base region. 
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1 16. The memory device of claim 6, wherein the second control port extends over a junction 

2 between the second base region and the second emitter region. 

1 17. The memory device of claim 16, wherein the second circuit is adapted to capacitively 

2 couple the second signal to the second emitter region for accumulating carriers therein. 

1 18. The memory device of claim 6, wherein the second control port extends over a junction 

2 between the first and second base regions. 

1 19. A semiconductor device comprising: 

2 a thyristor having thyristor body regions including first and second immediately 

3 adjacent base regions between first and second emitter regions, the thyristor body being 

4 maintained in a conductance state as a fimction of holding current; and 

5 a control circuit configured and arranged for applying a signal to at least one of the 

6 base regions for controlling the holding current or forward blocking voltage as a fimction of 

7 temperature, the signal being generated outside of the thyristor. 

1 20. The semiconductor device of claim 19, wherein the thyristor is a thin capacitively- 

2 coupled thyristor. 

1 21. The memory device of claim 6, wherein the thyristor is a thin capacitively-coupled 

2 thyristor. 

1 22. The semiconductor device of claim 1 , wherein the thyristor is a thin capacitively- 

2 coupled thyristor. 

1 23. The semiconductor device of claim 1 , wherein one of the base regions includes N- 

2 doped material having a higher concentration of N4- dopant in a depletion region that 

3 faces the second control port. 
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24. The semiconductor device of claim 1 , wherein one of the base regions includes 
material having defects in a depletion region facing the second control port. 



1 25. The memory device of claim 6, wherein one of the base regions includes N-doped 

2 material having a higher concentration of N+ dopant in a depletion region that faces the 

3 second control port. 

1 26. The memory device of claim 6, wherein one of the base regions includes material 

2 having defects in a depletion region facing the second control port. 

1 27. The semiconductor device of claim 1 9 further comprising a second control port, 

2 wherein one of the base regions includes N-doped material having a higher concentration 

3 of N-i- dopant in a depletion region that faces the second control port. 



13 



